ABSTRACT
F344 rats. The effect of DTT on the aged-sAHP was blocked following depletion of intracellular (Disterhoft et al. 1996; Kumar and Foster 2007; Kumar 66 and Foster 2002; 2004; Landfield and Pitler 1984; Matthews et al. 2009; Moyer et al. 1992; 67 Thibault et al. 2007; Tombaugh et al. 2005) .
68
The exact mechanism that underlies the age-related increase in sAHP is unknown. The 69 increase in sAHP may be due to altered Ca (Power et al. 2001; Power et al. 2002) . Importantly, aging is associated with increased oxidative 74 stress that could influence the highly redox sensitive ryanodine receptor (RyR), which regulates 75 Ca 2+ release from the ICS (Bull et al. 2008; Eager and Dulhunty 1998; Hidalgo et al. 2004; 76 Huddleston et al. 2008) . Moreover, aged neurons are characterized by a decrease in their redox 77 buffering capacity (Bodhinathan et al. 2010; Parihar et al. 2008 ) and recent work from our lab 78 demonstrates that the shift in redox state contributes to decreased N-methyl D-aspartate receptor
79
(NMDAR) function involving altered CaMKII activity in CA1 neurons from aged animals 80 (Bodhinathan et al. 2010) . Based on these observations, we tested the hypothesis that the redox 81 state of the aged neuron contributes to the increase in sAHP (Foster 2007; Kumar et al. 2009 ).
82
The results reveal that the sAHP is decreased by the reducing agent dithiothreitol (DTT) ACSF was raised to 4 mM. The chamber was continuously perfused with oxygenated ACSF 112 (95%-O 2 and 5%-CO 2 ) at the rate of 2 mL/min. The pH and temperature were maintained at 7.4 113 and 30 ± 0.5°C (maintained using the automatic temperature controller TC-324B; Warner 114 Instrument, Hamden, CT), respectively.
115

Intracellular Electrophysiological Recordings
116
Intracellular recordings were performed on CA1 pyramidal neurons to record the sAHP resulting from hyperpolarizing current (1.0 nA) was used to determine the input resistance.
131
Depolarizing current pulses (0.1-1.0 nA, 100 ms duration) were delivered every 20 s through the 132 microelectrode to elicit sodium spike bursts containing a train of 5 action potentials.
133
The AHPs in the control and in the experimental conditions were elicited at the constant 
Statistical Analysis
152
All statistical analyses were performed using Stat View 5.0 (SAS Institute Inc, NC).
153
Student's t-tests were used to examine for differences between treatments or groups with 154 significance set at p < 0.05. Paired Student's t-tests were used to analyze the effect of treatment 155 before and after application of drugs and unpaired Student's t-tests were used to examine the 156 effect of treatments between age groups. Where stated, n represents the number of slices used in 157 each experiment. All data are reported as group mean ± standard error of mean (S.E.M). In 158 general only one or two slices per animal were employed for a given experimental condition; 159 although, several conditions could be examined using slices from the same animal. 
RESULTS
162
Age dependent decrease in the sAHP following DTT application 163 To study the effects of altered redox state on the aged-sAHP, the reducing agent DTT Table 1 . In a subset of these neurons, after a stable baseline recording for 10 min,
171
DTT was applied for 40 min. Application of DTT significantly (p<0.05) decreased the sAHP amplitude from the baseline levels in the aged (48 ± 14% of baseline, n = 5), but not in the young 173 animals (105 ± 10%, n = 3) (Fig 1A, 1B) .
--------------------------"Figure 1 about here"--------------------------
175
--------------------------"Table 1 about here"--------------------------
176
As such, the sAHP amplitude in aged following DTT application was similar to that 177 observed in young animals ( Table 2 ). The DC holding current required to maintain the 178 membrane potential at -63 mV was similar for baseline recording and 45 minutes after DTT 179 application (Table 2) (Fig 3A) . In a subset of these cells (n = 4), a new baseline was established and DTT was 194 applied in the presence of thapsigargin. Application of DTT for 50 min failed to decrease the 195 aged-sAHP amplitude (104 ± 23%) (Fig 3B, and 3C) . The results suggest that ICS provide a 196 redox sensitive Ca 2+ source that contributes to the age-related increase in the sAHP.
--------------------------"Figure 2 about here"--------------------------
--------------------------"Table 2 about here"--------------------------
--------------------------"Figure 3 about here"--------------------------
198
RyRs mobilize Ca (Fig 4A, and 4B ).
--------------------------"Figure 4 about here"--------------------------
205
Both DTT (Fig 1) and ryanodine (Fig 4) decreased the aged-sAHP to ~50% of baseline.
206
The similar magnitude of the response for the two conditions raises the possibility of a "floor fold, from 6.71 ± 0.79 mV (n=11) to 11.06 ± 1.09 mV (n = 6) (Fig 5A and 5B) . In five cells, a 211 baseline was recorded in 4 mM Ca
2+
, followed by application of ryanodine for 40 min, which 212 was then followed by the application of DTT for 50 min (Fig 5C) . Application of ryanodine 213 decreased (p<0.05) the aged-sAHP amplitude to 53 ± 6% (5.31 ± 0.86 mV) and application of 214 DTT for 50 min failed to further decrease the aged-sAHP amplitude (51 ± 7%, 5.06 ± 1.05 mV) 215 of the original baseline (Fig 5B, 5C, and 5D) (Fig 5B) . The results indicate that the 218 ryanodine blockade of the DTT-mediated decrease in the sAHP was not due to a floor effect of 219 the sAHP during ryanodine application. Rather, these data suggest that the DTT effect on sAHP 220 in aged animals is mediated by RyRs. 221   --------------------------"Figure 5 about here"-------------------------- 
222
Finally, application of DTT for 40 min, decreased the aged-sAHP amplitude to 44 ± 7%
223
(n = 4) of the baseline (similar to that observed in Fig 1) . In two of these cells, application of prior to and during the application of DTT to aged hippocampal slices (Fig 6A) . Application of 48 ± 6 % (p<0.05; n = 6) (Fig 6B) , a decrease comparable to that observed following DTT 239 application in the absence of nifedipine (Fig 6B) . 240   --------------------------"Figure 6 about here"-------------------------- 
241
The activity of BK channels is sensitive to oxidation (DiChiara and Reinhart 1997). DTT application was still able to decrease the amplitude of the aged-sAHP to 28 ± 11 % (n = 3) 249 of the baseline (Fig 7A, and 7B) . Furthermore, the DTT-mediated decrease in the presence of 250 paxilline was not significantly (p>0.05) different from the decrease observed in the presence of 251 DTT alone.
--------------------------"Figure 7 about here"--------------------------
253
Serine/threonine kinases provide another potential mechanism for regulating RyRs and DTT, the broad spectrum serine/threonine kinases inhibitor H-7 was applied prior to and during 260 the application of DTT. Aged hippocampal slices were incubated with H-7 for at least 60 261 minutes before recording the sAHP. In the presence of H-7, application of DTT significantly 262 (p<0.05) decreased the aged-sAHP to 53 ± 14 % (n = 3) of the baseline (Fig 8A) . The results
263
suggest that DTT is not altering the sAHP through modulation of kinase activity. 
--------------------------"Figure 8 about here"--------------------------
273
DISCUSSION
274
The results demonstrate a link between the age-related increase in the sAHP and redox et al. 2010; Oh et al. 2010; Thibault et al. 2001; Thibault and Landfield 1996) .
Magnusson
279
Recently, we demonstrated that DTT could reverse an age-related decrease in NMDA receptor 280 function in region CA1 (Bodhinathan et al. 2010 ). In the current study, the reducing agent, DTT, 1992), and PKC (Malenka et al. 1986 ). In the current study, the broad spectrum Ser/Thr kinase 291 inhibitor H-7 had no influence on the DTT-mediated decrease in aged-sAHP, indicating that the 292 reduction was not mediated through kinase activity. sAHP was larger than that observed for L-channel blockade, and was specific to aged animals.
311
Previous research indicates that the decrease in the sAHP following blockade of L-channels is 312 quantitatively larger in aged animals; however, the percent decrease (~30%) is similar across 313 ages, suggesting other mechanisms contribute to the age-related increase in the sAHP amplitude Young (n = 12) 37.0 ± 2.5 -62.8 ± 1.5 80.6 ± 1.9
Aged (n= 40) 37.8 ± 1.1 -61.9 ± 0.6 82.8 ± 0.7
The values for input resistance (IR), resting membrane potential (RMP), and spike amplitude 
